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Milestone
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M opese (€V)
Experimental milestone has been a verification of KK-claim.
KL-Zen+EXO-200 refuted it with fairly robust NME assumption.

GERDA then clearly rejected it using the same 76Ge.
What's next? 2



full coverage of Quasi Degeneracy — next milestone
full coverage of Inverted Hierarchy — next gen. exp.
full coverage of miightest~0 (below 1 mev) — very difficult

Allowed region from Oscillation and Cosmology

Dell'Oro et al., Advances in High Energy Physics 2016, 2162659
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We need to propose a future plan seeking below 10 meV.



comparison of double beta decay nuclei

Nucleas | 77}5(50meV) T7, measured (year)| Net ‘A‘(l?)}f)ldance iivglfge

48Ca—*Tj (4.2721.10) X101 0.19

6Ge—70Se | 0.86x1027 (1.5+0.1) x102! 7.8 2039

$2Se—82Kr | 2.44x1026 (0.92:£0.07) x1020 9.2 2995
%7r—%Mo | 0.98x10%7 (2.0+0.3) x1019 2.8 3356
100Mo—100Ry | 2.37x1026 (7.1£0.4) x1018 9.6 3034
H6Cd—116Sn | 2.86x1026 (3.0+0.2) x1019 7.5 2814
128Te—128Xe | 4.53x10%7 (2.5+0.3) x1024 31.7 866
130Te—130Xe | 2.16x102 (0.9+0.1) x102! 2527
136Xe—136Ba | 4.55x1026 (2.3£0.1) x102! 3.9 2458
1S0Nd—150Sm (7.8+0.6) x1018 5.6 3371

Notable nuclei

Ca highest Q, isotope enrichment is an issue
’6Ge semiconductor

Rodin et al., Nucl. Phys. A793 (2007)213-215

max. Q. fast2v

semiconductor

fast 2v

large nat. abundance

slow 2v, rare gas
Ov, fast2v

136X e easy enrichment / purification, various detector technology
130Te  high natural abundance

I50Nd fast OV



KamLAND-Zen

Zero Neutrino
double beta decay search

.....

II.,
P miil £ Advantages of using KamLAND
1 JEL |

[ l; s 5 & ® running dgtector .

; Eas { — relatively low cost and quick start

& A S 5| @ huge and clean (1200m3, U: 3.5x10-'8g/g, Th: 5.2x10°17)
) [ TR O | — negligible external gamma

N arann/\} Mégm (Xe and mini-balloon need to be clean)

i Emm—. l|_5I ‘:Pj | o Xe=LS can be purified, mini-balloon replaceable

v R \iamw .1 P if necessary, with relatively low cost

o N Reloaded LS inzjy — highly scalable (up to several tons of Xe)

d \ a mini-balloon 7 //b sty P
¢ O N2z 47 »| @ No escape or invisible energy from B,y

— BG identification relatively easy

¢ P : : : .

i ==l 5 | 7 ¢ anti-neutrino observation continues

h>2(H5~ AN - A - 25 /IR 2N - AR, - 2 -4

— geo-neutrino w/o Japanese reactors

320kg 90% enriched '3¢Xe installed for phase-|
and 380kg for phase-ll







Events/0.05MeV

KamLAND-Zen started in 201 |1

only 2 years from initial funding (quick startl!)
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Thanks to full active apparatus,

Events/0.05MeV

KamLAND-Zen Phase |

(320kg xenon loading)

Dominant BG identified as 110mAg
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Events/0.05MeV

What can we do?

1055
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2v2[3 future task
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Phase-1 320kg

before 10

purification S
z

S 10°

n 10

1

10!

Phase-2 380kg 10
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ourification 5 '
1MomAg <

S T
reduction =

<1/10 1

107!

Visible Energy (MeV)

= (a) DS-1 + DS-2 —— Data 28U Series
= 232 .
A S ;1;(6,;?2 g 210in1 Series
‘ L S T Total j;g(r.
- (OVBB UL "88;31
E LN T Ny, e PoXe Ovpp 110m
- oy Ag 25
E Y (90%CL.UL) g . = b >] 9X] O y
— /I"". IR X — - Spallation 110mp
= N . TN g LS
E N ™
- : : =. N + .
= VRN _‘ tgpt==t| 214Bi | balloon
= R A e sty 10C | 15
MIFETIR R ES oA S 2v2p |t

1 2 3 4

Visible Energy (MeV)

3 (@) Period-2 — Daa ;;:mAzgsz 210
| Cees — Total U+""Th+" "Bi
C e . iono s | 2013/12/11-2014/10/27
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I possible!!
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Event summary 23<E<27MeV, R<1m

Period-1 Period-2
(270.7 days) (263.8 days)
Observed events 22 [l
Background Estimated Best-fit Estimated Best-fit
136Xe 2upp 5.48
Residual radioactivity in Xe-LS
214Bi (*U series)  0.23 £ 0.04 0.25 0.028 + 0.005 0.03
28] (*32Th series) o 0.001 e 0.Q01
HOmAg 8.5 {007
External (Radioactivity in IB) =2
214Bi (*38U series) 2.56
05T (***Th series) 0.02 03
HOm A o 0.003 0.002
Spallation products
0¢ 2.7 +0.7 3.3 2.6+ 0.7
°He 0.07 £0.18 0.08 0.07 £0.18 203
’B 0.15 +0.04 0.16 0.14 + 0.04 0.15
137Xe 0.5+£0.2 0.5 0.5+0.2 0.4

Phase-1 & 2 combined limit

Ty > 1.07 x 10°° yr
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<m55> < (61 — 165) meV

S 107" £ KamLAND-Zen (°Xe)
> :
£
1072 F
NH
107

107 107° 1072 107!

My opese (€V)

50

100 150
A

Big leap toward [H !

It also provides
upper limit of

Myightest Al
180-480 meV.
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Our challenge continues!

Three dominant BGs: 2 v, “214Bj on the film” and 1/?(3.
\

next target further optimization of
triple-fold coincidence
and shower detection

We have purchased 800 kg of enriched xenon in total.

We have fabricated a larger mini-balloon with better
measures against dusts.

We will resume the search with 750 kg of xenon.
To be called as "KamLAND-Zen 800”.

(Expected sensitivity is below 50 meV hoping to cover Yanagida's prediction.)

13



Mini-balloon has been extracted. ec.2015)

Zen 400 . L .
otal Xe (ko) batch by batch Xe (k) for tank investigation required by law
def:I?a]tion '
~21 kg | '*°
*2 clfcuatin Xenon has been recovered

during recirculation and
deflation of the mini-balloon.

mini-balloon extraction
> : ?;

14



2nd mini-balloon fabrication

cleaning, cleaning and
cleaning as usual

—

15



Example of improvements
before

after

kKeep staying away
goggle
welding machine
cover sheet .
glove on glove

changing laundry twice a day .
room in a

N clecan room clean underwear .

changing room in a clean room .
dust visualization
more neutralizer




New mini-balloon has been deployed and inflated with

‘dummy” LS in last August

17



through characterization of mini-balloon

We confirmed that the mini-balloon is cleaner !l
Measures we took worked!

XE12g/gnm | PTh | BU
6

TFER

This time* 31+-7
Zen 400 1st 79+-3
Zen 400 2nd 336+-2

At the same time, we noticed;

Indications of leak;

* camera image

- load cell

- balloon shape reconstruction
with 210Po events

- 222Rn decay rate

- mixture of KL-LS and dummy-LS
by gas-chromatography

preliminary
2 9rget
5.3+-0.8
14+-1 ~1/10
46.1+-4
: P - Total :-32.940.2 L/day
T'me Varlatlon Of Upper (cosB > 0.4) :+05+0.2L/day
volume Cone part (cosB > 0.7) :-2.120.2 L/day
Integrate R vs cos® Middle (-0.4 < cos® < 0.4) : -23.0 + 0.2 L/day
—_ [ * ; - Lower (cosB < -0.4) :-10.5+0.2 L/day
N el Tl Fhi R TR YR N Y T
5 E bR LAES e i F b T
_S s :_ Before modifying ' j j
o . prescale trigger threshold
> zo :._. v ' ' -
15
o LI e e 1 4
i 11 I RSRANE YRR AN s A

Aug. 18 Aug.25 Sep.1 Sep.8 Sep.15 Sep.22 Sep.29 Oct.6

18



(E2E075vY)

o L7c 2 Z/N)b—>%He  wowis @m

W‘

) — VBRI TR e oy

WNZALAREY (De

T \ :
// I 1|| X&
;’ ’f I ARES

HIEEZE RO
2| > 7o PIRE

H’C bi > 7°¢_

1
r
’

—

O wmTHRE
o LETHRR

//

El:ﬁbrc_fc_ﬂﬂ% L_I_\,
}—75\J:7b\’)7—¢_

A\
DHRBIENES \\\\WW

e




(5

- ICRBENE S| ERIT BIHFAND B,
- FREBPIEEERICIERITIRL,

20




E/ VT X —5 ODBEIER

INTX—% RE - KE - )—‘:73 (74 IV, E—%—AF., )
iJJfE% IK-%’{j(/n\ ﬁ&l—ﬁ/n\\ IJ _7\ ()
1cmfllaf 6!93&'@3@3&1&30@6@% NAYV7OXA—FIC K BDEHAE
S A |
- 235°C
=t 2sec
,{ 0.4MPa
i AE
g R —_
FEARHEDOHE (BREFIH)
FEDIEFBERERDO I vIHFLN
FREIZEDIEVWHE CIEMA
T
e 100—54 um

0.3MPs. LLLW o1



N/cm

Zen400FTFREZ UIRITEICKSL E

EAZzTIF TCFFEERUAR —E=5- @ |
-~ 5_—_||§ W I . - _ \
b\b,.ﬂ_a_n‘i/\)kjt C L/ K Do o i\ﬁ&&’ﬁ

— (Hh) |

FARRICERT S L&

Bl : 230°C, 3sec, 0.1MPa | FrefR i3 AIEIEE50%-100% |
RITRICERT 2 & LR i3, A2
Bl - 240°C. eme. 0.1MPs

o S —
" IKIFﬁ(/m -« 230°C . ﬁ&'l—ﬁ/m -~ 230°C
28F- . 235°C °
262— ~ 240°C 60 - n -~ 240°C

24 55

N/cm

(o))}

(6))
N
w
o1
@

______________________________________________________

22 JARN _ 50

= N | = 35
0 - ,,"" 4 -— 0 /é:E
18 40

______________________________________________________

12? | | | , 'JIEMAE e . EIEL;:

00 05 1 15 2 25 8 85 4 45 SHURE 20005 10 15T 2 T2y 3 a5 4 ws s WOAK




K[

i1l

AU TFIL

DEMEICLSLE 2

t—5—/XV K
]

Start of Plastic Def. [N/cm]

AU+ ) ~230C -3¥ 4=
I ~170°Cl ~10% 28
Y 56710 0%

Bl 225°C, 15 A H40°C

EemlbE30%, 7EILT 7 X70%
IKJ:QF{jiIF;\\ - ]70°C

241 175C S
22~ -~ 180C ¢
20— E

B =
18}~ : L
f 4

; FRE
12

FIELL

L S 6 g 10 12 WAE

Heating time [sec]

(BT =R)

e

t—%—/)\V K
-

- BEIFIBRE & LERNTHEREG,
- Ty IUNEEET UL,

- VEEFIED KIERERRME

c INT A —FIRERISERER S ENE,

70

ss- 0.1MPa -~ 175°C
60/ - 180°C
55[ L .

50 . | S,

451 o\ _’44&
: /\/ \ FAE
35F

30

25;— | | gq@;rg%
e e

Heating time [sec]

23



(H1R)

Zen 800D S EDTE

- 6 BRFENSBAEFRE
- OBXTICY—UT7TANBET
- TOA<K B5WCEA

"T—LSTTFANE, FAHICFE/VEA
ENICIEIFTFEDL NIV DD EHRFY %,
- KamLAND2-ZenhFE S 5 £ T, mKOFERREHKRE,

.

S

S

KamLAND?Z2-Zen

. B (B 5
" f : Phase 2 Internal (R<1.0m) IE gj.ﬁlé % f '
17 N S B 2 ||z /A\
| oy b M oo
' EA - —VH
LS#i{k | @m fF - BA
Zen 400 phase] | | Zen 400 phase?2 | Zen 800 |
- . | | | | I
F£/F° 2012 " 2013 ° 2014 ° 2015 " 2016 ' 2017 ° 2018 ' 2019
A A
xS )—% 24




And more future plans!

Igher energy resolution

for reducing 2v BG
> KamLAND2-Zen

high g.e. PMT light collection x1.9
17"¢—>20"¢ &=22-30+%

New LAB LS light collection x1.4

(better transparency)

expected o (2.6MeV)= 4% — ~2%
target sensitivity 20 meV

RENEBY AT —TZ 2201 7ICBE,
23-2 "MMERHEERE COZ= 12— MY /Hi3T)

Eé/‘f_:—l\j(il-gﬁJ

WICIEANT . o
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R&D for KamLANDZ2-Zen and future
O HQE-PMT

O winston cone
g \x1.8f

succeeded with

U'R
.
-
y

O New LAB-LS

LAB (Linear Alkylbenzene)

HaC(CHy) >y () CHs
| .

prototype

-
P&

—
nN
T

o
Y

o«
Y

3—12% .
@30m depth

Xe solubility (wt%)

0 005 01 015 02 025 03 035 04 045

po
Xe partial pressure(MPa) @_Cw” J
O

| principle confirmed |

AN\ : succeeded with %1 4
d prototype in hand B8l Molecular sieve (13X) [~
O scintillator film O imaging

tag a Iin film

\ 214RB;j

\
<14Po geduction

PE

welding succeeded
requires fluor

enos—s5— f

replacement

30L prototype |
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Summary
- KamLAND-Zen 400 CFEDIE L HEZE, (HREEKE)
TP, > 1.07 x 10*°yr  (mgp) < (61 — 165)meV  [PRLI17,082503

- KamLAND-Zen 800D 7 ') —>{bZ 33, Zen 400l UL T
T4 I LDAFHPEIDTDI NS 107D 1 Z2E1H,

V=V RAZHEL. BEFE=ZUE. 15D 52BEED]
HmEERIF L. FEFIRDORERS{CS FIEE,

BIESEERNICZen 800&2BHEL., /\v I T RKLAN)L
ZHTET D, BERKEIZS0MeVEE ODHIHFEICBES Z &,

- KamLAND2-Zen OFEFEIZIEZR. BEBIZE20meV

A

It

e

Super-KamLAND-Zen

; In connection with Hyper-Kamiokande

And more?

| target sensitivity 8 meV
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Thank youl
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